Objective. Acupuncture is a low risk option in pain management following total knee replacement as an alternative to opioid analgesics. Therefore, the benefit of acupuncture as adjunct to an exercise program was investigated. Furthermore, the modifying effect of previous benefit from acupuncture was explored.
Introduction
Strengthening and functional exercises are recommended as first choice in the rehabilitation program following total knee arthroplasty (TKA) for improving postsurgical recovery [1, 2] . Patients suffering from severe pain are often treated with analgesics, but considerable adverse effects such as nausea, sedation, and dizziness are reported and may interfere with rehabilitation [3] . The potential pain relieving effect of acupuncture might increase the patient's ability to participate fully in the exercise program.
According to a recent systematic review, acupuncture included in a rehabilitation program is beneficial as an adjunct to opioids for pain management across several types of postsurgical conditions [4] . However, the results of studies investigating the effect of acupuncture after TKA are not in concordance [5] [6] [7] [8] .
Several studies that have explored patient characteristics predict a larger treatment effect following acupuncture among patients with chronic musculoskeletal disorders, but results have been mixed [9] . The most consistently reported variable separating responders from nonresponders appears to be overall patient expectations for a positive outcome from acupuncture [10] , and within this domain, previous positive experiences with acupuncture appear to be especially promising [11] [12] [13] .
The objective of this study was to assess the effect of acupuncture as adjunctive therapy in patients following TKA. A secondary objective was to test whether previous positive experience with acupuncture was an effect modifier in favor of acupuncture treatment.
Methods
The reporting of this randomized study was based on the Standards for Reporting Interventions in Controlled Trials of Acupuncture (STRICTA) [14] . Ethical approval was granted by The Committees of Health Research Ethics in the Capital Region of Denmark, file number HB-2008-021.
Patients
We recruited patients referred for postoperative physical rehabilitation at an outpatient rehabilitation center at the municipality of Copenhagen, Denmark. Patients were admitted to the program consecutively two weeks after surgery if they met the following inclusion criteria: hemi, or total, knee replacement and 18-70 years of age. Patients were excluded if any of the following criteria were present: serious medical conditions that would influence rehabilitation (i.e., hip dysfunction, myocardial diseases, or inflammatory arthritis), current use of anticoagulants, infection, or lack of cooperation (i.e., psychiatric conditions, alcohol abuse, or problems with language).
Treatment Allocation
Patients were screened first by telephone and then via an interview by the principal author. During the recruitment session, patients agreed that they would not seek any supplementary treatment during the intervention. After informed consent form and baseline measures were obtained, randomization was carried out by a computer-generated list of random numbers in blocks of 10 using sealed envelopes and patients were randomized to acupuncture and exercises or exercises alone. A secretary, who was not involved in the study, prepared opaque sequentially numbered envelopes indicating one of the two treatment groups. The practitioners performing the interventions had no knowledge of the initial screening. Blinding of practitioners in one group to the treatment performed in the other group was not possible. For both interventions, however, practitioner preference bias was minimized by choosing therapists who strongly believed in the treatments that they performed.
Interventions
The exercise program in both groups followed a standard rehabilitation strategy comprising aerobic, stabilizing, mobilizing, strengthening, and functional exercises that were continuously progressed to match the patients' needs and capabilities. Manual techniques were used at the discretion of the physical therapist. Patients were asked to remain on the same medications and not start new ones. By the end of the course of treatment, patients were instructed to continue physical training and were advised about physical activity and sports according to current guidelines [15] .
In the intervention group, patients received six to eight acupuncture treatments immediately following each exercise session, as described above. The acupuncture treatment followed current guidelines [16] . Two physical therapists with 375 hours' certified acupuncture education who were approved by the Danish Society of Figure 1 Acupuncture points used.
No Effect of Acupuncture as Adjunctive Therapy
Acupuncture in Physiotherapy performed the treatment. Western medical acupuncture is a therapeutic modality involving the insertion of fine needles; it is an adaptation of Chinese acupuncture using current knowledge of anatomy, physiology and pathology, and the principles of evidence-based medicine [17] . Aseptic technique and disposable, sterile, prepacked 0.30Â0.30 mm and 0.20Â0.15 mm needles were used. De-qi responses at all points were verified. Each subject received needles in two acupoints (ST32 and GB31) proximal to the operated knee and three points distal to the operated knee (GB39, ST41, and LR3). These points were chosen in order to avoid the zone with the highest risk of an intraarticular penetration. In addition, five points were treated in the nonoperated knee (SP10, ST34, LR8, SP9, and ST36) (Figure 1 ). Needles were inserted for 15-20 minutes and were manually stimulated twice during that time.
In both intervention groups, 8-14 treatment sessions twice a week for a maximum of six weeks were given dependent on the patients' needs. In cases where sessions were missed by the patient, the course of treatment was prolonged until a minimum of six sessions were completed. Each exercise session lasted 60 minutes. The mean number of sessions was 11 (SD ¼ 2.2). Physical therapists involved in the exercise program were not performing the acupuncture treatment, and they were instructed to give the same amount of attention to patients in both groups. Exclusion criteria during intervention were infection or burst of cicatrizes. Patients were instructed not to seek acupuncture during the three-month follow-up period after completion of treatment.
Outcome Measures
The primary outcome variable was the proportion of patients self-reporting successful reduction in knee pain at night or evening following the 14th treatment or latest available. This was chosen based on the acupuncturists' clinical experience. Treatment success was defined as a score of 0-4 on an 11-point numeric rating scale (NRS) [18] , as recommended by others [7] . Secondary outcomes were changes on the Knee injury and Osteoarthritis and Outcome Score (KOOS) [19] after the course of treatment and at three-month follow-up. Treatment success on the KOOS subscales pain, activities of daily living (ADL), symptoms, and quality of life was defined as a change score minimum of 16.7, 18.4, 10.7, and 15.6, respectively [20] . Other outcomes were mean changes in the KOOS subscales pain, ADL, symptoms, and quality of life; the proportion of patients reporting consumption of analgesics; mean change in active extension range of movement; and mean change in walking distance, assessed by the Six-Minute Walk Test (6MWT) [21] after the course of treatment and at three-month follow-up. The patients' self-reporting of pain and disability at follow-up was made by postal questionnaire. If no response was received after three weeks, a second questionnaire was mailed. After three more weeks, phone calls were placed to all nonresponding subjects. If contact was established, subjects were asked to answer the questions over the phone by a secretary with no information about group allocation.
Prespecified Effect Modifier
In order to reduce the likelihood of spurious findings [22] , we restricted the number of prespecified candidate effect modifiers to one: self-reported previous positive experiences with acupuncture. This was measured by the following yes/no item in the baseline questionnaire: "have you previously been treated with acupuncture? If yes, was the treatment beneficial?"
Statistics
Initially, a per-protocol analysis was performed and an intention-to-treat analysis was planned in case the perprotocol analysis revealed any statistically significant between-group outcome differences. Between-group differences in baseline variables were assessed using chi-square test or Student t test as appropriate. The chance of success was investigated by estimating the relative risk (RR) of success in each of the two groups. A supplementary analysis exploring mean betweengroup differences in secondary and tertiary outcomes was applied at the end of treatment and at threemonth follow-up. A mixed effects model was used investigating the between-group difference in mean reduction in night pain and mean reduction in evening pain. Intervention groups were fixed, participants were random, and the analysis was adjusted for baseline pain. Patients excluded because of infection were assigned the worst value reported in their treatment group. The impact of the self-reported previous positive experiences with acupuncture was first estimated separately for the two treatment groups for participants with benefit of previous acupuncture. Second, the impact of the interaction between the interventions and chance of success was estimated. Confidence intervals were also inspected for potential clinically important effects. The analysis plan was agreed upon in advance by the trial management group. A statistician who had no knowledge of the randomization code performed all analyses. We calculated that 85 participants per group would be required to detect a difference of 15% in proportions of participants reporting successful mean pain with a 5% risk of type 1 error and a 20% risk of type 2 error.
Results
A total of 172 patients were included from year 2008 to 2010. The number of patients screened and the main reasons for exclusion are presented in Figure 2 . Baseline characteristics were similar in the two groups, except for a higher proportion of smokers and less severe pain on the KOOS pain scale in the intervention group (Table 1 ). In the per-protocol analysis including five patients with infection recorded as nonsuccesses, no differences were found between the groups with respect to the primary outcome success on night and evening pain ( Table 2) . The mixed effects model investigating final scores at the end of treatment and at followup did not show any significant differences for primary or secondary outcomes. With regard to secondary and tertiary outcomes, inclusion of five patients with infection where missing values were substituted with the worst score registered in the relevant treatment group, the only statistically significant between-group differences -¼ not measured at that follow-up. *Relative risk (95% confidence interval) for success in the acupuncture and exercise group compared with the exercise group. † Mixed effects analysis of final score adjusted for baseline values. Coefficient of change in pain score in acupuncture and exercise group compared with the exercise group after end of treatment.
found were a higher proportion of patients with success on the KOOS-ADL score and a longer walking distance at end of treatment in favor of the usual care group (Table 3) . None of those effects were clinically important.
The interaction analysis did not reveal any higher chance of pain reduction among patients with previous benefit from acupuncture than those without benefit in the intervention group compared with the usual care group (Table 4) .
In our patient sample, the patients receiving acupuncture did not appear to have a higher risk of adverse effects in terms of infection in the knee than those of the control group (Figure 2) .
Discussion

Summary and Interpretation
The main finding in our study was that patients with TKA did not benefit from acupuncture as an adjunctive intervention to exercises in comparison with exercises alone. We found no evidence that patients with previous positive experiences with acupuncture were more likely to benefit from acupuncture than patients with neutral or negative experiences.
Our results were in concordance with the results of Tsang et al. [8] , who reported that the addition of acupuncture to physiotherapy on days 1-15 postoperation had no effect on pain, timed up-and-go, or range of motion in comparison with sham acupuncture and physiotherapy. Thus, one explanation for our negative findings might be that when acupuncture treatment is applied as a supplement to best practice rehabilitation, the possible small effect of acupuncture is overpowered by the substantial effect of best practice. This explanation is in concordance with the fact that our results differ from those of Mikashima et al. [5] , who reported benefit from the addition of acupuncture to medicine measured by pain and passive knee flexion on days 7-21 postoperation in comparison with medicine alone, and Chen et al. [6] , who concluded benefit from the addition of acupuncture to medicine, measured on pain day 1, on consumption of medicine and vomiting/nausea in comparison with sham acupuncture and medicine.
Thus, it appears that the effect of acupuncture as additional treatment to patients following TKA is highly dependent on the comparison treatment, and future studies in this field are warranted.
Overall, except for patients with high baseline levels of pain, the differences in proportions of patients with success between groups tended to be in favor of the usual care treatment. One explanation for this finding might be that significantly more patients in the acupuncture group were smokers, and smoking is a known prognostic factor for poor postoperative outcome [23] .
We performed a sensitivity analysis adjusting for the number of smokers. In the primary as well as secondary outcomes, only minor and nonsignificant changes in results were found (data not presented).
Studies investigating postoperative pain across various diagnoses measured on the first day following surgery only have shown clinically important benefit of traditional Chinese types of acupuncture and transcutaneous electric acupoint stimulation compared with control treatment [4] . One might question whether a Chinese population is culturally more susceptible to placebo effect than a western culture population. Further studies are needed to explore whether these benefits from Values of relative risk and confidence intervals for interaction indicate modifying effect of the variable in terms of increased chance of treatment success among patients with previous benefit vs no previous benefit in the acupuncture and exercise group compared with that of the exercise group. CI ¼ confidence interval; RR ¼ relative risk.
acupuncture might be transferred to western-type acupuncture and which types of patients would benefit the most. However, the fact that two studies now have reported no additional effect of acupuncture in comparison with physiotherapy indicates that acupuncture should not be used as part of standard postsurgical rehabilitation for patients with TKA.
Our results do not support the view that some patients with TKA are more likely to be responders to acupuncture than others based on their previous experiences with acupuncture. Several other studies have explored this domain in various musculoskeletal diagnoses with mixed results. Our results are consistent with those of Linde et al. [24] , who showed that high pretreatment expectations were an effect modifier whereas previous acupuncture (with no reporting as to whether it had been successful) was not. However, Witt et al. [13] found the following effect modifiers: former positive acupuncture experience, female gender, living in a multiperson household, and failure of other therapies in patients with chronic low back pain, neck pain, headache, knee pain, or hip pain. Meng et al. [12] and Birch et al. [11] reported that previous successful acupuncture and confidence in future effect of acupuncture were effect modifiers in patients with chronic neck pain or low back pain. In patients with knee osteoarthritis, previous studies have found weak evidence that high expectations of benefit from acupuncture are predictive of good outcome with respect to disability [25] , suggesting that the effect might be driven by certain physiological or psychological mechanisms in the responders. Given the inconsistency across studies, there is a need to explore the possible modifying effect of previous experiences of benefit from acupuncture as well as treatment effect expectations in future studies.
Adverse Effects
Infection is one of the most common adverse effects in acupuncture treatment for musculoskeletal disorders [26, 27] , and indeed, a needle-associated prosthetic knee infection after TKA has been reported [28] . In our patient sample, the subjects receiving acupuncture did not appear to have a higher risk of infection in the knee than those of the usual care group (Figure 2 ). This may be explained by the fact that the acupuncturist avoided needling of points in close contact with the operated knee (Figure 1 ).
Strengths and Limitations
The number of patients with treatment success was chosen as the main outcome measure in this trial for two reasons. First, the reports of improvement means are useful, but around every mean value there will be patients who fare better than the mean and those who fare worse. The second reason was to accommodate the clinicians' need to be able to tell patients what their chances are of obtaining a meaningful change.
The main strengths of this study were the use of western-style acupuncture, as this is the most commonly used in Denmark, whereas most other studies in postoperative rehabilitation have reported outcomes of Chinese style acupuncture, and we investigated the effect of acupuncture as an adjunct to best care exercisebased physiotherapy. Thus, we have reasons to believe that the intervention reflects the way acupuncture is used in daily clinical practice.
A limitation of this trial is that, because we chose to maintain a high level of safety during treatment, two potentially effective acupoints were not used near the operated knee. Furthermore, one might speculate whether the effect of acupuncture would have been higher if treatment had been initiated immediately after surgery or if a more flexible needling approach at the discretion of the acupuncturist had been applied. We have no data as to whether the patients complied with our instructions to remain on the same medications or not to seek other treatments during the three months of follow-up.
Conclusions
What is new in this study is that we investigated the effect of acupuncture as adjunctive therapy to best care according to recent guidelines in the rehabilitation of patients with TKA. Our results do not support the addition of acupuncture to routine best care rehabilitation. We did not find that previous benefit from acupuncture was able to identify those likely to respond to acupuncture. Future studies are needed to investigate whether subgroups of patients may benefit from acupuncture.
